Abstract 23
The present investigation evaluated the effect of chitin (5 % supplementation) on the 24 adherent aerobic intestinal microbiota of Atlantic salmon (Salmo salar L.). One hundred 25 and seventy three isolates were isolated but 34 isolates died prior to positive 26 identification. Sixty four out of 139 autochthonous gut bacteria were further identified 27 by 16S rRNA gene sequencing and further tested for protease, amylase, cellulase, 28 phytase, lipase and chitinase activities. Moreover, the most promising enzyme-producing 29 bacteria and intestinal lactic acid bacteria (LAB) were tested for in vitro growth 30 inhibition of four important fish pathogens: Aeromonas salmonicida subsp. salmonicida, 31
Vibrio (Listonella) anguillarum, Moritella viscosa and Carnobacterium maltaromaticum. 32
Dietary chitin modulates the gut microbiota but not the portion of enzyme -producing 33 gut bacteria. LAB were only isolated from fish fed the chitin supplemented diet and they 34 were able to inhibit in vitro growth of 3 of the 4 pathogens. However, the most 35 promising gut bacteria isolated in the present study with respect to enzyme production 36 and in vitro growth inhibition showed high similarity to Bacillus thuringiensis by 16S 37 rRNA gene sequencing. forms the basis of the main constituent of the outer exoskeleton of insects and crustaceans 56 like shrimp, crabs and lobster (Kumar, 2000) . However, to-day small amounts of chitin 57 are utilized as a material for the aquaculture industry. According to a recent review some 58 information is available about the effect of chitin on total viable counts of gut microbiota 59 (for review see . However, as only one recent study presents 60 information about modulation of the adherent gut microbiota of Atlantic cod (Gadus 61 morhua L.) by supplement of 5 % chitin (Zhou et al., 2011) , the first objective of thepresent study was to evaluate whether dietary chitin modulates the adherent culturable 63 gut microbiota in the proximal -and distal intestine of Atlantic salmon (Salmo salar L.). 64
One of the interesting topics on fish gut bacteria is that some of the gut bacteria produce 65 enzymes that may contribute to fish nutrition (Ray et al., 2011) . The 2 nd aim of the 66 present study was thus to evaluate whether dietary chitin can increase the frequency of 67 enzyme -producing autochthonous bacteria in the GI tract of Atlantic salmon. 68
The increased interest during the last decade on lactic acid bacteria (LAB) in the GI tract 69 of fish is related to the fact that LAB often produce bacteriocins and other chemical 70 compounds that may inhibit colonisation of pathogenic bacteria in the GI tract ( 
Materials and methods 80
Detailed descriptions of the diets are given by Karlsen et al. (2011) . After 115 days of 81 feeding, five fish from each treatment, fed without chitin or with 5 % chitin 82 supplementation, were killed by a sharp blow on the head. The fish were not starved prior 83 to destruction. The ventral belly surface of the fish was opened to expose the peritoneal 84 cavity. The spleen, gallbladder, liver and fat deposits surrounding the gastrointestinal (GI) 85 tract were removed as described by Ringø (1993) . The proximal intestine, (PI; defined as 86 the region between the distal pyloric caeca and widening of the intestine and the 87 appearance of transverse luminal folds) and distal intestine, (DI; the region from the 88 widening of the intestine and the appearance of transverse luminal folds to anus) of the 89 digestive tract were excised. Adherent (autochthonous, associated with gut wall tissue) 90 bacteria of the two gut sections were isolated as described elsewhere (Ringø, 1993) . 91
Briefly, digesta from PI and DI were gently squeezed out. Thereafter, the two intestinal 92 segments were thoroughly rinsed three times with 3 ml sterile 0.9 % saline solution in 93 order to isolate the autochthonous microbiota. The intestinal segments were transferred to 94 sterile plastic bags and homogenized in a Stomacher (Seward Laboratory, London, UK). 95
Homogenates of the intestinal segments were diluted in sterile 0.9 % saline solution and 96 appropriate dilutions were spread on the surface of Tryptic soy agar (Difco) plates with 97 5 % glucose and 1 % NaCl. Plates were incubated at 12C and inspected regularly for up 98 to 4 weeks. 99
In total 173 isolates isolated from the digestive tract were identified using phenotypic and 100 biochemical methods as described by Ringø and Olsen (1999) . Sixty four of these isolates 101 were further identified by 16S rRNA gene sequencing as described by Ringø 1 (low, 4 -6 mm halo diameter), 2 (moderate, 7 -9 mm halo diameter) and 3 (high, > 10 121 mm halo diameter). Maximum score is 18 and minimum 0. 122
In vitro growth inhibition of four fish pathogens (Aeromonas salmonicida subsp. 123 salmonicida, Vibrio (Listonella) anguillarum, Moritella viscosa and Carnobacterium 124 maltaromaticum) by the most promising enzyme-producing gut bacteria and LABisolated in the present study was tested using microtitre plate assay as described 126 elsewhere (Ringø et Aeromonas -like were only isolated from DI of the control fish. 148
Bacillus cereus and Bacillus thuringiensis were only isolated from DI of control fish, 149
while Bacillus licheniformis and Bacillus subtilis were isolated from chitin fed fish. 150
In the present study, lactic acid bacteria (LAB) belonging to the Carnobacterium, 151
Leuconostoc and Lactobacillus genera were isolated. Carnobacteria were only isolatedfrom PI of fish fed chitin. With respect to lactobacilli, Lactobacillus sakei was isolated 153 from both gut segments of the chitin fed fish while Leuconostoc citreum was only 154 isolated from the PI. A further dietary effect was also observed with respect to 155
Macrococcus equipercicus and Macrococcus -like bacteria and Micrococcus luteus and 156
Micrococcus -like bacteria. Staphylococci were dominant in the GI tract of both dietary 157 groups but the specific species differed (Table 1) . 158
Phylotypes of 64 gut isolates were compared in the BLAST program, and the results with 159 their corresponding accession numbers are displayed in Table 2 . These results are based 160 on similarity ≥ 94 % and nucleotides numbering > 800. 161
Representatives of the gut isolates identified by 16S rRNA gene sequencing were chosen 162 for phylogenetic analysis to construct a phylogenetic tree ( The most promising enzyme producing gut bacteria isolated in the present study are 167 shown in Table 3 . Among the isolates characterized by 16S rRNA gene sequencing in the 168 control group, the most promising ones belonged to the genus Bacillus. These bacteria 169 had different enzymatic activities, but generally a higher score was noticed with respect 170 to cellulase and chitinase while phytase scores were generally low. The most promising 171 enzyme producing bacteria isolated from the chitin treatment belonged to the genera 172
Acinetobacter and Bacillus. With respect to highest total enzyme score (> 11) 3 out of 4 173 isolates were isolated from DI of the control group, while 2 out of 3 were isolated from PI 174 of the chitin treatment.
Surprisingly the number of bacteria with high chitinase activity (≥ 2) was highest in 176 strains isolated from the control treatment (6 species) and 3 of them displayed maximum 177 chitinase activity. On the other hand, numbers of bacteria with potential of producing 178 protease and phytase were highest in the chitin treatment. Carnobacterium sp., L. sakei 179 and Leu. citreum were isolated and identified from the chitin group, but in contrast to 180
carnobacteria showing protease and cellulase activities (Table 3B) 
